One of the objectives of the Plasma Diagnostics Package (PDP) instrumentation on Spacelab 2 was to obtain information about the plasma wake of the shuttle orbiter. We present plasma density and electron temperature data obtained (1) while the PDP was attached to the shuttle remote manipulator system and (2) while the PDP was a free-flying satellite. Wake crossings by the PDP from --•40 m to --•240 m behind the orbiter provide information about the structure of the mid and far wake of the orbiter. As expected, the wake is characterized by density depressions, relative to the ambient ionospheric plasma, and by enhancements of the electron temperature, particularly in the near and mid wake. The observed electron temperature enhancements appear to be in line with previous spacecraft observations.
INTRODUCTION
For many years, wakes of bodies of different sizes and shapes in supersonic plasma flows have been studied both experimentally and theoretically. The experimental work has been performed both in the laboratory [e.g., Stone, 1979 Stone, , 1981a As far as the ratio L/pi is concerned, a direct comparison of conditions prevailing in the laboratory with those realized in spacecraft/plasma interaction may not be entirely meaningful, since in the laboratory experiments performed so far, the plasma flow was always magnetic field aligned, while in the case of a spacecraft in the ionosphere the angle between the Earth's magnetic field and the flow varies over a wide range. However, for orientation purposes, it may still be This paper is organized as follows: The second section ("experiment") contains a brief description of the relevant experimental conditions during the Spacelab 2 mission. In the third section ("observations") the observations of the shuttle plasma wake are described. Finally, the fourth section ("discussion") presents a discussion of the results.
EXPERIMENT
The Plasma Diagnostics Package (PDP), a small recoverable scientific satellite designed and built at the University of Iowa, was one of 13 experiments aboard Spacelab 2 on Shuttle 51F in July-August 1985. One of its principal objectives was to determine the characteristics of the wake associated with plasma flow past a large-scale structure such as the orbiter. The plasma conditions and some other typical parameters for the Spacelab 2 mission are given in Table 1 . A description of the PDP and its instrumentation can be found in the work of Shawhah et al. [1984] . The present paper will focus on electron density and temperature data collected by the Langmuir probe (LP) instrument similar to the one described by Murphy et Two sets of experiments were performed during the mission, which enabled the PDP to investigate the orbiter wake at downstream distances ranging from -10 m to -240 m. The first set of observations was designed to study the near wake, while the second was devoted to an investigation of the mid and far wake:
1. For a study of the near wake, the PDP was positioned by the remote manipulator system (RMS) at approximately 10 m directly above the orbiter cargo bay (Figure 1) . The orbiter then underwent a slow roll, at the rate of 1 degree per second, so that the PDP would pass alternately from the ram of the plasma flow into the orbiter wake, 9 times during a with the shuttle moving in the X'Z' plane. The orbiter performed a series of maneuvers designed to cause the PDP to pass through the orbiter wake at varying distances downstream. All of these wake crossings occurred close (within ---10 m) to the shuttle orbital plane (the X'Z' plane), so that the shuttle wake was explored along its widest dimension. At the end of the 6-hour free flight period the orbiter approached the PDP, which was then recaptured by the RMS.
Two portions of the free flight period were studied separately, namely: (1) the orbiter back-away maneuver in which, after releasing the PDP from the RMS, the orbiter separated along the velocity vector, and (2) Finally, Figure 6 shows electron and ion density data in the mid and far wake of the orbiter, obtained during the shuttle "fly-around" maneuver (see the second section, point 2). The wake transits (WT) 3, 4, 2, and 1 are arranged in order of increasing downstream distance between the PDP and the orbiter. The "ambient" density, indicated by the dashed lines, is obtained by simple interpolation from the opposite sides of the wake (WT 1 and 2) or by actually measuring the densities, with the PDP out of the orbiter wake, one orbit later (WT 3) or one orbit earlier (WT 4). Knowledge of the unperturbed "ambient" density allows us to estimate the maximum density depression for each wake transit. We thus estimate the minimum Nwake/Nambien t to be 0.18 for WT 3, 0.87 for WT 4, 0.61 for WT 2, and 0.8 for WT 1.
DISCUSSION
We have presented electron and ion data obtained by two instruments on The University of Iowa Plasma Diagnostics Package flown on Shuttle 51F in July-August 1985. Two sets of experiments were performed to study (1) the near wake and (2) the mid and far wake of the shuttle orbiter. For the near-wake study the PDP was held by the remote manipulator system at approximately 10 m directly above the cargo bay, while the orbiter rotated around its X axis. This made it possible to cross repeatedly (nine times) the shuttle near wake. For the mid-and far-wake study the PDP was released from the orbiter and operated as a free-flying satellite. The orbiter then performed a series of maneuvers which allowed the PDP to obtain information on the orbiter wake at various distances from the orbiter.
The near-wake observations (Figures 3 and 4) show a deep wake behind the orbiter, with the plasma density dropping, on the axis of the wake, to values more than 3 orders of magnitude below the ram density. The electron temperature is seen to rise in the wake by a factor >•3 relative to the ram temperature of-2000øK. Both results are in line with those reported for a previous shuttle flight by Murphy et al. [ 1986] . On that occasion the PDP was located in the shuttle bay, while the shuttle revolved around its X axis.
Coming next to that portion of the mission in which the PDP operated as a free-flying satellite, we deal separately with the back-away maneuver (see Figure 5 for the density data) and with wake crossings at mid and far distances from the orbiter (see Figure 6) .
The data in Figure 5 show good agreement between the electron and the ion density measurements. In the first 10 min or so of the back-away maneuver the density rises by 1-2 orders of magnitude as the PDP leaves the shuttle deep (near) wake. This result is, of course, in agreement with expectations. However, the plasma density measured when the PDP is still at a distance of •-10 m from the shuttle is, in this case (see Figure 5a ), more than 1 order of magnitude larger than the density measured, on wake axis, with the PDP on the RMS (see Figures 3 and 4) No ion species data are available to us for WT 4; so contaminant ions may not be totally ruled out. As discussed above, these contaminants are time variable and can repre- 
